In this work, we hypothesized that cyclooxygenase (COX) activity can be regulated by nitric oxide (NO) and hydrogen peroxide (H 2 O 2 ). In the renal hypertension (2K-1C), phenylephrine (PE)-induced contraction was lower than in normotensive (2K) rat aortas. This impaired contraction is due to NO/H 2 O 2 -induced vasodilation. We evaluated the effects of H 2 O 2 on the activity of COX and endothelial NO-Synthase (eNOS) in 2K-1C rat aortas stimulated with PE. Responses for PE or H 2 O 2 were evaluated in 2K-1C and 2K rat aortas, without or with inhibitors for COX (Indomethacin) or eNOS (L-NAME). COX isoforms expression was evaluated by Western blotting. eNOS inhibition was tested on thromboxane A 2 (TXA 2 ) and prostacyclin (PGI 2 ) production. PE-induced contraction was lower in 2K-1C than in 2K. Indomethacin reduced PE-induced contraction in 2K, but it had no effect in 2K-1C. L-NAME reversed indomethacin-induced effect in 2K and it normalized PE-induced contraction in 2K-1C to the normotensive levels. COX-1 and COX-2 expression, TXA 2 and PGI 2 production were higher in 2K-1C than in 2K. eNOS inhibition did no modify TXA 2 /PGI 2 production. In low concentrations, H 2 O 2 induced relaxation only in 2K that was abolished by L-NAME while the contractions induced by high concentrations were abolished by indomethacin in both 2K and 2K-1C. The activity/expression of COX, and TXA 2 /PGI 2 production were increased in 2K-1C, which were not modified by eNOS. High levels of H 2 O 2 increased the endothelial COX activity, which induced contraction. Therefore, an high increase in H 2 O 2 production may increase COX-induced vasoconstriction rather than eNOS-induced relaxation, which might contribute to aggravate hypertension.
Introduction
The endothelial cells play an important role on the vascular tone control by production of endothelium-derived relaxing factors (EDRF) and constrictor factors (EDCF) (Moncada and Vane, 1979; Furchgott and Zawadzki, 1980; Vanhoutte et al., 2005; Félétou et al., 2009) . Nitric oxide (NO) is an important EDRF produced by distinct isoforms of nitric oxide synthase (NOS). Especially in endothelial cells the NOS (eNOS) or NOS3 is responsible for NO production (Ignarro et al., 1987; Palmer et al., 1988; Alderton et al., 2001 ). In addition to NO, the prostanoids production is also important to vascular tone control. Prostanoids are produced by the sequential actions of cyclooxygenase isoforms (COX-1 and COX-2), that metabolize arachidonic acid to prostaglandin G 2 (PGG 2 ) and prostaglandin H 2 (PGH 2 ) (Zordoky and El-Kadi, 2010) . The PGH 2 , the common substrate, is then metabolized by specific prostaglandin (PG) synthases to form PGD 2 , PGE 2 , PGF 2α , prostacyclin (PGI 2 ), and thromboxane A 2 (TXA 2 ). Particularly, the prostanoids thromboxane A 2 (TXA 2 ) and prostacyclin (PGI 2 ) have been shown as important molecules responsible for inducing classic contractile and relaxing vascular responses, respectively (Narumiya, 2007) .
COX activity is often associated with formation of superoxide anion (O 2 -) (McCullough et al., 2004) and in oxidative stress conditions, a feed-forward loop is originated since O 2 -causes membrane lipid peroxidation and the lipid peroxides in turn increase COX activity and formation of O 2 - (Davidge, 2001 ). The O 2 -anion is highly reactive and can reduce NO availability (Costa et al., 2009) . However, the antioxidant enzyme superoxide dismutase (SOD) quickly dismutates O 2 -to hydrogen peroxide (H 2 O 2 ). In turn, H 2 O 2 has also been described as an important COX activator (Gil-Longo and González-Vázquez, 2005) . Recently, we have reported that the H 2 O 2 production is stimulated by α 1 -adrenergic agonist phenylephrine (PE) in 2K-1C hypertensive rat aortas by different enzymes such as COX, NADPH Oxidase, Xanthine Oxidase and SOD. Moreover, the non-selective NOS inhibition does not decrease the H 2 O 2 production (Silva et al., 2013) . In this way, H 2 O 2 increases the eNOS activity in these aortas (Silva et al., 2013 (Silva et al., , 2014 , but it is still unknown the role of H 2 O 2 on the COX activity in 2K-1C rat aortas.
It was shown that the high COX activity can contribute to blunt endothelium dependent relaxation (Lüscher and Vanhoutte, 1986; Vanhoutte et al., 2005) . In fact, in aorta of spontaneously hypertensive rats (SHR) the endothelium-dependent relaxation is impaired and it is related with the generation of EDCF with no or little alteration in the production of NO (Lüscher and Vanhoutte, 1986) . In the present work we have hypothesized that COX activity can be regulated by NO and reactive oxygen species (ROS) such as H 2 O 2 molecules in 2K-1C rat aorta. Therefore, the aim of the present study was to evaluate the role of COX and NOS activation and their relationship with the H 2 O 2 production in normotensive (2K) and renal hypertensive (2K-1C) rat aortas stimulated with the α 1 -adrenoceptor agonist PE.
Materials and methods

Animals
All the procedures were performed in accordance with the standards and policies of Animal Care and Use Committee of the University of São Paulo. Male rats (180-200 g) were anesthetized with tribromoethanol (250 mg kg −1 , i.p.) and after a midline laparotomy a silver clip with an internal diameter of 0.2 mm was placed around the left renal artery. Normotensive two-kidney rats (2K) were only submitted to laparotomy. Animals were maintained on standard rat chow with a 12 h light/dark cycle and given free access to both food (standard rat chow) and water. The systolic blood pressure (SBP) was measured by an indirect tail-cuff method 6 weeks after surgery. Rats were considered to be hypertensive when systolic arterial pressure was higher than 180 mmHg.
Functional study by vascular reactivity
Male rats (400-450 g) were killed by decapitation under anesthesia with isoflurane (inhalation administration to general anesthesia). The thoracic aorta was quickly removed, and cut into rings (4-5 mm length). In some rings, the endothelium was mechanically removed by gently rolling the lumen of the vessel on a thin wire. The aortic rings were placed between two stainless-steel stirrups and connected to an isometric force transducer (Letica Scientific Instruments, Barcelona-Spain) to measure tension in the vessels. The rings were placed in the organ chamber containing Krebs solution with the following composition (mmol/L): 130.0 NaCl, 4.7 KCl, 1.2 KH 2 PO 4 , 1.2 MgSO 4 , 14.9 NaHCO 3 , 5.5 glucose and 1.6 CaCl 2 . The solution was maintained at pH 7.4 gassed with 95% O 2 and 5% CO 2 at 37°C. The rings were initially stretched to a basal tension of 1.5 g and then were allowed to equilibrate for 60 min. The endothelium was considered intact when the relaxation induced by 1 µmol/L acetylcholine of the contractile response induced by 0.1 µmol/L PE was 80% or greater. For studies of endothelium-denuded artery, it was discarded if there was any degree of relaxation.
Concentration-effect curves for PE were constructed in 2K and 2K-1C intact endothelium aortas (E+), in the absence or in the presence of the non-selective COX inhibitor (Indomethacin, 10 µmol/L) or its combination with the non-selective eNOS inhibitor (L-NAME, 100 µmol/L). Concentration-effect curves for PE were constructed in 2K and 2K-1C intact endothelium (E+) or denuded aortas (E-), in the absence or in the presence of the selective inhibitor of COX-1 (SC-560, 10 µmol/L) or COX-2 (SC-236, 10 µmol/L). In another set of experiments, concentration-effect curves for H 2 O 2 were constructed in 2K and 2K-1C intact endothelium (E+) or denuded aortas (E-), pre-contracted with PE 0.1 µmol/L in E+ aortas or 0.01 µmol/L in E-aortas in order to induce similar contraction between E+ and E-aortas. The concentration of PE was reduced in denuded aortas to reach similar level of contraction observed in intact endothelium aortas. Concentration-effect curves for H 2 O 2 were also constructed in aortas previously incubated with 10 µmol/L indomethacin for 30 min. The pharmacological parameters potency (pD 2 ) and Maximum Effect (ME) were evaluated in sigmoidal curves observed for PE. However, in non-sigmoidal curves obtained for H 2 O 2 , the pharmacological analyses were made point by point in inducing vascular responses (contraction or relaxation).
2.3. Measurement of COX isoforms expression and prostaglandins production 2.3.1. Preparations of the samples Aortic rings were removed from 2K ad 2K-1C and cut into rings (4-5 mm length). The arterial rings were stretched in organ chamber to a basal tension of 1.5 g and then were allowed to equilibrate for 60 min. The presence or absence of endothelium was qualitatively assessed by relaxation induced by acetylcholine as described in vascular reactivity studies.
Western blot for COX-1 and COX-2 expression
Intact endothelium or denuded aortas from 2K and 2K-1C were submitted to western blot to evaluate the expression of the COX isoforms. Each sample was homogenized in Modified RIPA Buffer (in mmol/L) to prevent proteolysis and maintain phosphorylation of proteins (Tris-HCl 65.2, NaCl 154, NP-40 1%, sodium deoxycolate 0.25%, EDTA 0.8, PMSF 1, Sodium orthovanadate 10, Sodium fluoride 100, Sodium Pyrophosphate 10 and protease inhibitor). Homogenates were centrifuged at 10,000 rpm and 4°C for 10 min, to remove tissue debris. Protein concentrations in the samples were determined by Bradford method. 30 µg of protein were separated on 8% SDS-PAGE and transferred to a nitrocellulose membrane. Membranes were blocked for 60 min with 5% non-fat milk at room temperature. Then, membranes were incubated with rabbit primary antibody against COX-1 (1:1000, Abcam, ab109025) or mouse primary antibody against COX-2 (1:1000, BD, 610203). After that, the membranes were incubated with secondary antibody against rabbit (1:2000, Santa Cruz, sc-2357) or against mouse (1:2000, cell signaling, 7076) for 60 min at room temperature. Protein bands were visualized by means of chemiluminescence (WB luminol reagent, Santa Cruz) and measured by densitometry. Expression levels were normalized by β-actin (primary 1:4000, Santa Cruz, sc-47778 and secondary 1:8000, BD, 554002).
Measurement of thromboxane and prostacyclin production
Following the endothelial integrity evaluation in organ chamber, intact endothelium or denuded aortic rings from 2K and 2K-1C rats were stimulated with 0.1 µmol/L PE until reach the stable contractile response (about 10 min). Another group of intact endothelium aortas from 2K and 2K-1C rats was previously incubated with the non-selective NOS inhibitor L-NAME (100 µmol/L) for 30 min and then stimulated with PE 0.1 µmol/L to induce stable contractile response (about 10 min). After that, the rings were collected and immediately frozen in liquid nitrogen. The prostaglandins 6-ketoprostaglandin F 1α (stable metabolite of prostacyclin) and thromboxane B 2 (stable metabolite of thromboxane A 2 ) were measured with the following EIA kits from Cayman Chemical (Ann Arbor, MI, U.S.A.). The assays were performed in the samples of aortic rings as indicated by the manufacturer procedure booklet. The results were expressed by mean (pg/mL) ± S.E.M of aortas obtained of different rats without correction for tissue mass or total protein, because the aim of these experimental protocols was to evaluate total (absolute) prostanoids concentration (TXA 2 or PGI 2 ) produced by 2K and 2K-1C rats aortic rings stimulated with PE.
2.4. Assessment of the reactive oxygen species production in isolated endothelial cells before and after exposure to COX inhibitors Aortas were isolated from 2K and 2K-1C rats, dissected and longitudinally opened. Endothelial cells (EC) were mechanically isolated from the vessels by gently friction with plastic stem in plates containing Hanks solution. The cells suspension was centrifuged at 1000 rpm for 5 min, and the cells pellet was suspended in 2.0 mL of Hanks solution with the following composition (in mmol/L): 120.0 NaCl, 5.0 KCl, 1.6 CaCl 2 , 1.0 MgCl 2 ·6H 2 O, 0.5 NaH 2 PO 4 , 10.0 dextrose, 10.0 HEPES, at pH 7.4 (Bonaventura et al., 2009) . The endothelial cells were carefully isolated and characterized by flow cytometry after incubation at 37°C for 60 min with the endothelial cells marker antibody PE-mouse anti-rat PECAM-1/CD31 (1:250, BD Pharmingen™, 555027) in method adapted from DeLisser. Cytofluorographic analysis was performed by using a Becton-Dickinson FACS Canto (San Jose, CA-USA) with an argon ion laser tuned to 488 nm. Intracellular Reactive Oxygen Species (ROS) were monitored by measuring changes in fluorescence intensity (FI) emitted by the fluorescence probe DHE, sensitive for ROS detection. Isolated endothelial cells from 2K and 2K-1C aortas incubated with DHE (10 µmol/L, Sigma, D7008) for 20 min (Basal) were analyzed at the flow cytometer. Other two groups of EC were incubated with the selective inhibitors of COX-1 (SC-560, 10 µmol/L) or COX-2 (SC-236, 10 µmol/L) for 10 min. Acquisition was set at 2500 events and the results were expressed as mean of the FI ± S.E.M.
Drugs and solutions
Phenylephrine, Acetylcholine, L-NAME (L-N G -Nitroarginine methyl ester), Indomethacin, SC-560 and SC-236 were purchased from Sigma Chemical Co. (St. Louis, MO-USA). Hydrogen peroxide was purchased from Synth. All solutions were prepared immediately before use.
Statistical analysis
We compared the maximum effect (ME) and potency (pD 2 ) of phenylephrine in aortic rings from 2K-1C and 2K. The results are expressed as mean ± S.E.M. Two-way ANOVA with Bonferroni post-hoc analysis was used to compare all the responses regarding vascular reactivity. GraphPad Prism 5.00 (Graph-Pad Software Inc., San Diego, CA, USA) was used. P < 0.05 was considered statistically significant. n refers to the number of animals.
Results
Effects of COX and NOS inhibition on PE-induced contractile response in intact endothelium rat aortas
As shown in the Fig. 1 , PE induced contractile response in intactendothelium aortic rings from 2K and 2K-1C rats in a concentrationdependent way. The potency (values of pD 2 ) of PE was not different between 2K and 2K-1C rat aortas. On the other hand, the maximum effect (ME) was lower in 2K-1C (P < 0.05) than in 2K aortas. The nonselective COX inhibition with indomethacin (INDO, 10 µmol/L) reduced PE-induced contractile response only in intact endothelium 2K rat aorta. However, the combination of NO-Synthase inhibition with L-NAME (100 µmol/L) and COX inhibition (indomethacin) increased PEinduced contractile response in 2K and 2K-1C rat aortas. Indeed, L-NAME abolished the differences between 2K-1C and 2K rat aortas. All the values of ME and pD 2 are shown in the Table 1. 3.2. COX-1 and COX-2 differently contribute to PE-induced contractile response in intact endothelium (E+) or denuded (E-) aortas from 2K and 2K-1C rats
In E+ aorta, COX-1 inhibition with 10 µmol/L SC-560 reduced PEinduced contractile response in 2K rat aortic rings (P < 0.05) but not in 2K-1C rat aortic rings (Table 1) . On the other hand, in E-aorta, COX-1 inhibition reduced the pD 2 of PE-induced contractile response in both 2K and 2K-1C, but it reduced the ME only in 2K-1C rat aortic rings (P < 0.05).
As shown in the Table 1 , PE-induced contractile response was decreased by COX-2 inhibition with 10 µmol/L SC-236 in both E+ and Eaortas from 2K and 2K-1C. The COX-2 inhibition caused higher effects in E+ aorta than in E-aorta from both 2K and 2K-1C rat. Moreover, the decrease in ME of PE-induced contraction caused by COX-1 inhibition in E-aorta was higher in 2K-1C than in 2K aorta. On the other hand, the decrease in ME of PE-induced contraction caused by COX-2 inhibition was higher in 2K than in 2K-1C aorta (P < 0.05) ( Table 1) . Fig. 1 . Effect of the inhibition of the cyclooxygenase (Indomethacin, 10 µmol/L -INDO) or its association with NO-Synthase inhibitor (L-NAME, 100 µmol/L) on the phenylephrine-induced contractile response (PE) in intact-endothelium aortas from normotensive rats (2K) (A) and renal hypertensive rats (2K-1C) (B). Data are mean ± S.E.M. (n = 4-7) of experiments performed on preparations obtained from different rats. * P < 0.05 for ME or pD 2 values in relation to control.
Table 1
Values of the maximum effect (ME) and potency (pD 2 ) obtained to phenylephrine-induced contractile response in the absence (Control) or in the presence of Indomethacin (INDO, 10 μmol/L), Indomethacin plus L-NAME (INDO, 10 μmol/L and L-NAME, 100 μmol/L), selective COX-1 inhibitor (SC-560, 10 μmol/L) or COX-2 (SC-236, 10 μmol/ L) performed in intact-endothelium (E+) or denuded aorta (E-) isolated from normotensive (2K) or hypertensive rat (2K-1C). * Denotes difference between 2K-1C E+ and 2K E+ (P < 0.05). ** Denotes difference between the inhibition and its respective control in 2K or 2K-1C (P < 0.05).
Groups
# Denotes difference between the effects of the inhibitors in 2K-1C E-and 2K E-(P < 0.05).
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As shown in the Fig. 2 , COX-1 and COX-2 expression were higher in 2K-1C rat aortas (P < 0.001) than in 2K rat aortas in both E+ and Eaorta. Furthermore, the COX-1 and COX-2 expression was higher in E+ aorta than in E-aorta from 2K-1C rat. There was no difference between the expression of both COX-1 and COX-2 in E-and in E+ 2K rat aortas (Fig. 2). 3.4. Thromboxane A 2 and prostacyclin production are higher in 2K-1C than in 2K rat aorta stimulated with phenylephrine
In aortas stimulated with PE, the production of thromboxane A 2 represented by the stable metabolite TXB 2 and prostacyclin represented by the stable metabolite 6 keto-PGF 1α were higher in 2K-1C (P < 0.001) than 2K in both E+ and E-aorta (Fig. 3) . Moreover, in aorta from 2K-1C rats, the thromboxane A 2 production was higher in E+ aortas (P < 0.01) than in E-aortas. On the other hand, the non-selective NOS inhibition had no effect on thromboxane A 2 and prostacyclin production in both 2K and 2K-1C E+ aortas.
COX-1 and COX-2 contribute to reactive oxygen species production in 2K and 2K-1C rat aortas
In order to investigate the role of the COX on ROS production in endothelial cells isolated from 2K and 2K-1C rat aortas, we quantified the fluorescence intensity (FI) emitted by the sensitive probe to ROS (DHE) in the presence of COX-1 and COX-2 inhibitors. As shown in the Fig. 4 , both COX-1 and COX-2 contribute to ROS production in 2K and 2K-1C aortic endothelial cells (P < 0.05). # denotes difference for COX-1 and COX-2 expression between 2K-1C E-and E+ (P < 0.05). Fig. 3 . Measurement of TXB 2 production (stable metabolite of thromboxane A 2 ) (A) and 6-keto-PGF 1α (stable metabolite of prostacyclin) (B) in homogenate of intact-endothelium (E+) and denuded aortas (E-) from normotensive (2K) and renal hypertensive rat (2K-1C) stimulated with 0.1 μmol/L phenylephrine in organ chamber. These measures were also performed in intact endothelium aortas previously incubated (30 min) with the non-selective NO-Synthase inhibitor (L-NAME, 100 µmol/L). Data are mean ± S.E.M. (n = 4) of experiments performed on preparations obtained from different rats. *denotes difference between 2K-1C and 2K (P < 0.001). # denotes difference of TXB 2 between 2K-1C E-and E + (P < 0.01). 3.6. In low concentration, H 2 O 2 reduces PE-induced contractile response only in intact endothelium aorta from 2K rat. In high concentration, H 2 O 2 induces contraction only in intact endothelium aorta from 2K-1C rat
Intact-endothelium aortas from 2K and 2K-1C rats were contracted with 0.1 µmol/L PE. As shown in the Fig. 5A , in E+ aortas stimulated with 1 nmol/L H 2 O 2 , PE-induced contractile response was higher in 2K than in 2K-1C (P < 0.05). However, cumulative additions of H 2 O 2 reduced PE-induced contractile response only in E+ aortas from 2K rat as compared to 2K-1C rat aortas. This effect rendered similar vascular response in 2K and 2K-1C up to 0.1 mmol/L H 2 O 2 . In high concentrations (from 0.3 to 1 mmol/L) H 2 O 2 induced contraction only in 2K-1C rat aortas as compared to the effects of H 2 O 2 in low concentrations (P < 0.05). Denuded aortas from 2K and 2K-1C rats were contracted with 0.01 µmol/L PE in order to induce similar contraction in E+ and E-aortas. In E-aortas, the concentration-effect curves for H 2 O 2 were not different between 2K and 2K-1C (Fig. 5B) . However, in high concentrations (from 0.1 to 0.3 mmol/L) an apparent contractile effect of H 2 O 2 was observed in E-aortas as compared with lower concentrations, but without statistical significance. Concentrations of H 2 O 2 higher than 1 mmol/L were not considered on the vasoconstriction since we have identified cell death induced by H 2 O 2 in those concentrations by using flow cytometry of isolated endothelial cells from 2K rats (data not shown).
COX inhibition abolishes H 2 O 2 -induced contractile response
The non-selective COX inhibition with indomethacin (10 µmol/L) reduced the vascular contractile responses induced by H 2 O 2 in high concentrations in E+ aortas from 2K and 2K-1C (Fig. 6A and C) . This response was seen also in E-aortas from 2K (Fig. 6B ). This finding made more clear the H 2 O 2 -induced contractile response in E+ and E-aortas from 2K rat. However, the non-selective COX inhibition had no effect on vascular response induced by H 2 O 2 in high concentration in Eaortas from 2K-1C rat (Fig. 6D) .
NOS inhibition abolishes the H 2 O 2 -induced relaxation in 2K rat aorta
The non-selective NOS inhibition with L-NAME abolished the differences between the responses to H 2 O 2 in E+ aortas from 2K-1C and 2K rats. In addition L-NAME blocked the relaxation induced by H 2 O 2 in low concentrations in E+ aorta from 2K (Fig. 7) .
Discussion
In this work we provided evidences that both enzymes NOS and COX show increased activity in intact endothelium aorta from hypertensive 2K-1C as compared with the normotensive 2K rats. TXA 2 and PGI 2 are produced in high concentrations, but the anti-contractile effect induced by eNOS activity suppresses the TXA 2 participation on contractile response induced by PE. Moreover, H 2 O 2 has an important role in the cross talk between NOS and COX since H 2 O 2 in low concentration increases the NOS activity, but H 2 O 2 in high concentration increases mainly the endothelial COX activity.
COXs are over-expressed in hypertension, but it is not clear the relationship between the availability of NO, oxidative stress and COX activity . In this work our main findings are that in 2K-1C aortas stimulated with PE, the expression of COX-1 and COX-2 is higher than in 2K aortas; the endothelium contributes to high expression of COX-1 and COX-2 and increased TXA 2 production; COX-2 plays important endothelial contractile role; inhibition of NO production has no effect on the increased TXA 2 and PGI 2 production; endogenous concentrations of H 2 O 2 seem to contribute to basal eNOS over-activation, but high exogenous concentrations are determinant to the endothelial COX over-activation.
Despite of the increased TXA 2 and PGI 2 production in intact-endothelium aorta from 2K-1C, the COX inhibition had no effect on contraction induced by PE in intact-endothelium aortas from 2K-1C, but it reduced PE-induced contraction in 2K. COX-1 inhibition presented similar results probably because indomethacin has more selectivity for COX-1 over COX-2 (Kurumbail et al., 1996) . One hypothesis for this lack of effectiveness of indomethacin on 2K-1C rat intact-endothelium aorta is that TXA 2 and PGI 2 production occur mainly in COX-2-dependent way. In terms of their localization and COX preference, terminal prostanoid synthases such as thromboxane synthase and prostacyclin synthase are perinuclear enzymes and they prefer to couple to COX-2 (Ueno et al., 2001) .
COX-1 versus COX-2 pathways can also be affected differently by cellular factors, such as NO (Clancy et al., 2000; Marnett et al., 2000) . According to Clancy et al. (2000) , NO activates COX-1 but it inhibits COX-2-derived prostaglandin production. Our results indicate that in denuded aortas, without the endothelial NOS, both selective COX inhibitors decrease PE-induced contraction in both rats. However, in intact-endothelium aortas from 2K-1C, where there is more TXA 2 and PGI 2 production, only selective COX-2 inhibitor decreased PE-induced contraction, whereas in 2K both COX-1 and COX-2 inhibitors had this effect. Thus, COX-2 seems to be more important than COX-1 on PEinduced contraction in 2K-1C intact-endothelium aortas.
NOS inhibition reversed the reduced PE-induced contraction caused by indomethacin in intact-endothelium aorta from 2K. This inhibition also normalized the contraction in intact-endothelium aorta in 2K and B.R. Silva et al. European Journal of Pharmacology 814 (2017) 87-94 2K-1C. These findings indicate that the effects of the NO produced in the EC in 2K-1C aortas seem to overcome the contraction possibly induced by TXA 2 . The effect of the indomethacin in intact-endothelium aorta from 2K might be at least in part, due to decreased TXA 2 bioavailability since indomethacin did no modify endothelial NO production in 2K (data not shown). However, it might contribute mainly to the potentiation of the NO as anti-contractile agent in these vessels, without increasing the NO level, since L-NAME abolished the effects of indomethacin on PE-induced contraction.
In contrast to that reported by Clancy et al. (2000), our findings suggest that eNOS inhibition had no effect on TXA 2 and PGI 2 production that suggest that in 2K-1C intact-endothelium aortas the increased NO effect and increased TXA 2 /PGI 2 production occur in the same way, but the relaxation induced by NO overcomes the contraction induced by TXA 2. On the other hand, Pérez-Vizcaíno and colleagues reported that TXA 2 -induced resistance to the vasodilator effects of the NO/cyclic GMP pathway in pulmonary arteries (Pérez-Vizcaíno et al., 2001) . In fact, U46619 activates TP receptors and its persistent downstream signaling seems to impair the endothelium-independent and dependent relaxation (Cogolludo et al., 2003; Liu et al., 2009 ). However, endogenous TXA 2 is an arachidonic acid metabolite with a chemical halflife of about 30 s (Hamberg et al., 1975) and our previous results indicate that endogenous H 2 O 2 and NO molecules can favor anti-contractile response of the PE in intact rat aortas from 2K-1C (Silva et al., 2013 (Silva et al., , 2014 even in presence of high concentration of TXB 2, the stable metabolite of TXA 2 , but inactive. Thus, the stable analog of TXA 2 might guarantee and pronounce over time the signaling pathway of the contractile response due to its stability impairing NO relaxation. It has been described that both EC and vascular smooth muscle (VSM) cells express COX (DeWitt et al., 1983; Kawka et al., 2007) . Our results suggest the endothelial COX as important source of ROS and TXA 2 ·H 2 O 2 is largely produced in the endothelial cells from 2K-1C aortas stimulated with PE (Silva et al., 2013) . In turn, Gil-Longo and González-Vázquez (2005) characterized vascular tone modulation phases induced by exogenous H 2 O 2 in aortas from normotensive rats and the role of the H 2 O 2 as COX activator in the endothelial and VSM cells. As reported by Yang et al. (1999) the endogenous H 2 O 2 can activate the eNOS in lower concentrations than that evaluated by GilLongo and González-Vázquez (2005). We reported that endogenous B.R. Silva et al. European Journal of Pharmacology 814 (2017) 87-94 H 2 O 2 can produce anti-contractile response in aortas from 2K-1C rat in endothelium-dependent way, but H 2 O 2 plays important role on the contraction in denuded aortas from these animals (Silva et al., 2013 (Ardanaz and Pagano, 2006) . In our study, exogenous H 2 O 2 induced a three-phase response in intact-endothelium aorta from 2K rat, characterized by a lower endotheliumdependent relaxation as compared with its response in 2K-1C aorta and after a transient contractile component followed by total relaxation. The first phase was abolished by eNOS inhibition while COX inhibition abolished the transient contractile component in the second phase. These results indicate that exogenous concentrations of H 2 O 2 between 1 nmol/L and 0.1 mmol/L induce eNOS activation and small relaxation, while concentrations around 0.3 mmol/L (high concentrations) favor COX activation with transient contraction. In denuded aortas from 2K rats, it is clear the presence of only the two last phases, where the transient contractile component is also abolished by COX inhibition followed by total relaxation. It emphasizes the important role of H 2 O 2 as an activator of the contractile prostanoid production in endothelial and vascular smooth muscle cells from normotensive rat aortas. In addition, H 2 O 2 in concentration equal or higher than 1 mmol/L induced cell death (data not shown) in accordance with cellular damage also proposed by Gil-Longo and González-Vázquez (2005) . Therefore, we consider that the third phase of total relaxation as cellular death, but not a signaling pathway of vascular relaxation.
In intact-endothelium aorta from 2K-1C rat, we observed that H 2 O 2 induced only a biphasic response, characterized by loss of initial relaxation, but presence of the transient contractile component followed by total relaxation. It is known that in 2K-1C aortas contracted with PE there is eNOS over-activation by high basal levels of H 2 O 2 (Silva et al., 2013 (Silva et al., , 2014 . Thus, exogenous H 2 O 2 in low concentrations had no effect on vascular tone induced by PE in intact-endothelium aortas from 2K-1C rat aortas. However, in low concentrations the non-selective NOS inhibition normalized the H 2 O 2 response between both 2K and 2K-1C rats. COX inhibition also abolished the transient contractile component in the second phase from 2K-1C intact-endothelium aortas indicating the production of contractile prostanoid. However, the endothelium removal abolished H 2 O 2 -induced contraction in 2K-1C aortas, suggesting that COX in VSM cells show refractory effect to H 2 O 2 . In denuded aortas from 2K-1C stimulated by PE there is also increased basal level of H 2 O 2 as compared with 2K rat aortas (Silva et al., 2013 ). Probably, this increased H 2 O 2 production in denuded 2K-1C aortas is enough to the maximum COX activity regulated by redox mechanism in VSMC.
Similarly to 2K-1C aortas, the mechanisms underlying endothelium dependent contractions in the SHR aorta involve the production of ROS, activation of endothelial COX, the diffusion of EDCF, and activation of TP receptors on VSM (Hibino et al, 1999; Yang et al., 2002) . However, the massive release of PGI 2 , which occur in the SHR aorta induces contraction (Gluais et al., 2005 (Gluais et al., , 2006 Tang et al., 2007; Vanhoutte, 2011) . Then it possible that high level of H 2 O 2 in 2K-1C aortas can contribute to increased PGI 2 production and its massive release might act as contractile factor rather than relaxing factor. In fact, in the aorta of young SHRSP and young SHR, in the developmental stage of hypertension, the endothelium-dependent relaxation and production of NO in response to cholinergic agonists are raised although the "basal release" of NO is impaired (Onda et al., 1994; Vaziri et al., 1998) . Endothelial dysfunction develops later involving decrease in NO bioavailability and the COX-dependent production of an EDCF associated with enhanced production of PGI 2 and TXA 2 (Versari et al., 2009 ).
Conclusion
Our results indicate that PE increased NOS and COX activity in intact-endothelium aorta from 2K-1C. TXA 2 and PGI 2 are produced in high concentrations, but NO-induced relaxation overcomes the possible contraction induced by TXA 2 and/or PGI 2 in 2K-1C aortas. Moreover, NOS inhibition and NO removal do no modify TXA 2 and/or PGI 2 production which might be produced by COX-2 in 2K-1C intact-endothelium aortas. However, H 2 O 2 has important role in the cross talk between NOS and COX since H 2 O 2 in low concentration might activate NOS but in high concentration it activates COX. Therefore, an excessive increase in H 2 O 2 production may increase COX-induced vasoconstriction, which might contribute to aggravate arterial hypertension. These findings contribute to better understanding the relation between eNOS and COX activities mediated by H 2 O 2 in renal hypertension.
